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Abstract 
The notion of faster than light travel, passing through parallel universes, or even going back and forth in time is an 
interesting scientific issue. These activities are examined within Einstein’s field equations from an engineering 
perspective to potentially create a suitable propulsion system. The evaluation revealed a set of circumstances that 
may lead to an anomalous gravitational distortion in what is normally referred to as the “vacuum field equation.” 
This can occur in a near flat space-time continuum without any electric, magnetic or torsion fields when the stress-
energy tensor vanishes. The distortion, possibly created by a gravitational vortex, is driven purely by the 
gravitational tensor. The field equations also imply that unusual consequences may follow if one includes 
nonlinearities; off-diagonal terms in the gravitational or space-continuum tensors; more detailed boundary condition 
specifications or by creating systems that enjoy over-unity performance. Depending upon definition of the curvature 
tensor, this may lead to conditions for travel in a parallel universe, faster than light travel and past/future time travel. 
The problem is to include such conditions within a suitable propulsor design to explore unknowns within the cosmos.  
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1. Introduction 
 It may be very difficult to create and build a warp drive. We must examine Einstein’s Field Equations 
of General Relativity to determine if they can provide insights into such a venture. In addition, these 
issues must be examined with an open mind before restricting ourselves to notions such that it takes all of 
the mass within the solar system to accelerate a spacecraft near the speed of light. There simply has to be 
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another path if mankind is to get off of this rock that we call the Earth to explore the heavens. Whether 
such an avenue is currently available depends upon our technological maturity, which really will not to be 
addressed here; we need to approach the problem of space travel on a more parochial level. Let us look at 
this problem from a clean slate rather than cling to historical notions developed from guidance within the 
conventional wisdom. Yes, it is understood that based upon the conventional wisdom, mankind is clearly 
doomed to rot on the Earth and forever will be powerless to cavort amongst the stars.  
 There are many problems, of which the most serious one is that humans cannot travel faster than light 
because the relativity factor becomes an imaginary number. Murad [1] looked at the equations Einstein 
used where he stressed that the speed of light was a limitation. Einstein is correct within the parameters of 
his assumptions. However, if an assumption is relaxed where the observer can move faster than light, a 
set of equations is developed where the relativity factor does not become imaginary but remains a real 
number for these conditions. Those that support the conventional wisdom usually have objections to 
faster than light speed travel. It is very difficult to provide sound proof or evidence that such a possibility 
may or may not exist.  However, there is some anomalous behavior in the cosmos that may provide such 
evidence. If the gravitational field of a black hole is so strong that even light cannot leave, jets arise and if 
they are not created from the accretion disk but from the black hole itself, then they are evidence of 
physical phenomenon that moves faster than light speed. We are not saying that this is true but rather that 
there is a different way of looking at things. When Einstein [2] put forth his theories, space travel a 
century ago was not a driving concern. In fact, the electron was the paramount issue as well as 
understanding how electric and magnetic fields interact with each other. 
 If one really needs to develop a propulsion system capable of near light travel or faster, can we break 
down the elements within Einstein’s Field Equations to understand physical events that may or may not 
occur?  Can these equations identify potential hazards that are currently speculative or even unknown? 
2. Discussion 
 Problems involving the theory of relativity mostly fall within the realm of physics. Physicists fiercely 
defend the tenets of general relativity within the context of the conventional wisdom established for over 
a century.  Unfortunately they do not build things, where engineers do. Thus our desire is to explore 
ramifications that such things can occur as a physicist suggests and are real but allows an engineer to 
better participate within the process. Basically, the engineer also needs to understand these consequences 
to develop a suitable propulsion scheme.  As a given, the author makes no claim to being an expert in 
developing these equations other than a minor contribution [1].  However, as an engineer, we need to 
understand these terms. One situation that will not be discussed is the situation where the tensors in the 
field equations may not be of the same order or the same size. This is a very difficult situation to 
comprehend and open to different interpretations. For example, one may argue that the highest order 
tensor or the tensor with the most elements may represent effects from another dimension that may 
directly influence existing dimensions. How these terms evolve is the subject of another treatment.  
3. Einstein’s Field Equations 
 Basically Einstein’s field equation is represented by: 
QPQPQP
S T
c
GRgR 4
8
2
1       (1) 
This form does not include the cosmological constant, which accounts for expansion or contraction of the 
universe.  A more complete form would be: 
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where RȝȞ is the Ricci curvature tensor, R the scalar spacetime curvature, gȝȞ the gravitational metric 
tensor, ȁ is the cosmological constant, G is Newton's gravitational constant, c the speed of light, and TȝȞ 
the stress-energy tensor sometimes referred to as the mass-energy or stress-energy-momentum tensor. 
Einstein’s field equations are a tensor equation relating a set of symmetric 4 x 4 tensors in its simplest 
form. It is written using abstract index notation. Generally when fully written out, the field equations are a 
system of 10 coupled, nonlinear, hyperbolic-elliptic partial differential equations. Despite the simple 
appearance of the equations, they are quite complicated. Given the freedom of choice of the four 
spacetime coordinates, the independent equations reduce to 6 in number. Although Einstein’s field 
equations were initially formulated in the context of a four-dimensional theory, some theorists have 
explored the consequences in n dimensions. The equations in contexts outside of general relativity are 
still referred to as Einstein’s field equations. The vacuum field equations define Einstein manifolds.  
4. The Cosmological Constant 
 Einstein introduced the term cosmological constant to account for a static universe (i.e., one that is 
not expanding or contracting). This effort was unsuccessful for two reasons: the static universe described 
by this theory was unstable, and observations of distant galaxies by Hubble a decade later, confirmed that 
our universe is not static but expanding. So ȁ was abandoned, with Einstein calling it the "biggest 
blunder [he] ever made". For many years the cosmological constant was almost universally considered to 
be zero. Despite Einstein's misguided motivation for introducing the “cosmological constant” term, there 
is nothing inconsistent with the presence of such a term in the equations. Note that the cosmological 
constant is a factor operating on the gravitational tensor. Indeed, a positive value of ȁ is needed to 
explain some astronomical observations. The cosmological constant can also be moved algebraically to 
the other side, written as another term in the stress-energy tensor or: 
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Another approach would be to include the term in the vacuum energy as a constant and given by: 
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The existence of a positive cosmological constant is equivalent to the existence of a non-zero vacuum 
energy or that zero-point energy exists. The terms are now used interchangeably in general relativity. 
5. The Stress-Energy Tensor 
 The stress-energy tensor is proportional to and represents a collection of conservation equations. In 
other words, each location in the matrix represents conservation of some quantity such as mass, 
momentum, energy, or possibly Maxwell’s equations. Basically in normal processes, this mass-energy 
tensor is normally zero or vanishes for a majority of realistic physical phenomenon. If, however, some of 
these equations violate conservation or produce an excess not defined by or exceeds conservation, the 
excess can create changes in the curvature of the space-time continuum or change the gravity tensor. Such 
events could occur with an over-unity process or during an anomalous event. Basically one would like to 
carefully enhance such effects in developing a propulsion system. General relativity includes the 
conservation of energy and momentum expressed as: 
P.A. Murad / Physics Procedia 20 (2011) 178–187 181
0,    QQPQPQ TT      (5) 
 Again, if this last term does not vanish due to an anomalous occurrence, then we should expect 
changes to the other terms in the field equations. From Williams [3], the space energy-momentum tensor 
for matter under the influence of gauge fields is given by: 
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 Using Maxwell’s equation in a three dimensional Cartesian coordinate systems with time, we have: 
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 The field equations of classical electromagnetism are Maxwell's equations which describe how 
electromagnetic fields are produced from charged particles and are written in the framework of special 
relativity (which was devised to consistently describe electromagnetism and classical mechanics) as: 
jji
i, jkF        (8) 
This arises from the following Lagrangian:  
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The variable j i is a vector representing currents. 
6. Analysis 
 So far this is the basic conventional wisdom concerning the field equations. There is no controversy 
about the stress-energy tensor except for situations where non-conservation may occur. There is no reason 
to assess changes in the Cosmological Constant except if one may add another tensor indicative of a 
torsion field. The following will address items in these equations that are altered to create a different set 
of conclusions that have propulsion implications. Some terms may have very strict constraints based upon 
validity of assumptions. There are also situations where the conventional wisdom may not go far enough 
to explain certain situations. In other words, can the physics differ from the mathematics or can the 
mathematics differ from the physics? 
7. The Gravitational Tensor 
 Physicists normally treat the gravity tensor as a diagonal matrix for Newtonian gravitation. Based 
upon recent events in the cosmos, one may argue that Newtonian gravitation is inadequate for describing 
phenomenon such as the unusual high velocity of galactic spiral arms or even the Pioneer anomaly where 
there is a sudden increase in gravity at larger distances. To account for the observed deficiencies in the 
former situation, it is claimed that additional mass must exist. This is the doctrine of ‘Dark’ matter that is 
used essential to make up for the shortcomings of Newtonian gravitation. To date, particles of dark matter 
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have yet to be detected. One obvious solution is to accept the premise that Newtonian gravitation has 
limitations and requires changes to account for these anomalies. Thus if there is an excess within the 
mass-energy tensor, it could feed directly to alter gravity or possibly the space-curvature tensor. 
 The gravitational tensor is of crucial interest especially for a warp drive. Usually one deals with 
linearized gravitation by treating the gravitational tensor as a vector based upon the main diagonal 
elements to simplify the mathematical complexity. However, other gravitational laws exist; of these laws, 
they should asymptotically approach Newtonian gravitation as a limit where gravity disappears at infinity. 
Jefimenko [4] implies that gravity is not only a means for attraction but also induces angular momentum. 
Each major planet sees the same face of a major moon when viewed from the major planet’s surface [5]. 
Inhabitants of that planet would never see the far-side of these moons. Jefimenko claims that this is also 
due to the induced angular momentum effect. He lays out four situations where a body passing another 
body creates frame-dragging effects. All of these interactions involve rotation and cannot be explained 
using Newtonian gravitation. This implies that the gravity tensor may have off-diagonal elements and that 
linearizing the gravity tensor ignores some of the physical realities of gravity. The gravity matrix includes 
off-diagonal elements as shown below for a spherical coordinate system:   
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 Note that the mathematical difficulties are enhanced if gravity depends upon time to generate gravity 
waves or where the rttr gg ,  terms do not vanish. These terms vanish because time does not fit into 
Newtonian gravitation. If other laws are considered, say Jefimenko’s, then these terms are significant and 
the complexity of the problem increases where we may have to solve a wave equation to describe gravity 
waves within a gravitational field.  
 More importantly, some off-diagonal terms may involve none-zero values that increase the 
nonlinearity of the field equations. Murad [6, 7] points out that angular momentum can be converted into 
linear momentum. This also implies that off-diagonal components may exist where effects from one 
degree of freedom, say angular momentum regarding rotation, may impact another degree of freedom, say 
linear momentum in translation. Off-diagonal elements within the moment of inertia matrix can easily 
produce effects through the angular momentum conservation equations for rigid bodies. We also see this 
with a bicycle where angular momentum is converted into linear momentum. There are also situations 
where coupling of these effects can influence the trajectory dynamics of a rigid body. Most pronounced is 
a ‘Dutch’ roll, which is a coupling with sideslip angle and roll momentum for an airplane moving in a 
cyclic sinusoidal fashion. Similar effects result from off-diagonal terms in the moment of inertia matrix. 
8. Binary Pulsars 
 Winterberg [see: 6, 7] points out that rotation of a large Magnetar, a star with a very strong magnetic 
field, could induce a repulsive gravitational source. Murad [8] found it coincidental that many binary 
pulsar systems, a neutron star and their companion, have masses that are almost identical. If anything, the 
Neutron star in these binary pulsars rotates at different rates from other binary stars and this rotation 
cancels out a portion of the inertial gravity source term. This mutual process may actually dictate the 
Neutron star’s rotation rate so that both celestial bodies within the binary system have comparable 
weights and travel in the same elliptical orbit. This notion tends to demonstrate Jefimenko’s ideas as well. 
By considering rotation, you may also remove the need for dark matter to account for discrepancies in 
Newtonian gravitation. 
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9. Gas Dynamic Azimuthal Momentum Transfer and the Stress-Energy Tensor 
 There is also some analytical work that investigates these possibilities within a gas-dynamic plasma. 
Let us return to the issue of converting angular momentum into linear momentum. Karimov [9] examine 
such nonlinear coupling within radial, axial, and azimuthal flows within an asymmetric cold plasma. The 
analysis indicates that despite flow asymmetries, energy in the radial and axial flow directions can be 
transferred into the azimuthal component degree of freedom but not vice versa. In another effort [10], 
they examine the same conditions but for a rotating flow that produces similar results. Nonlinear electron 
velocity oscillations in the absence of electron density oscillations at the same frequency are shown to 
exist. The rotating plasma is one of the simple physical systems exhibiting unusual nonlinear wave and 
pattern phenomena.  
 Let us return to the stress-energy tensor. Most likely these effects could not be treated in the gravity 
tensor as a special case. The result that the energy in the azimuthal flow cannot be converted into the 
other degrees of freedom, but that in the latter can be converted into the azimuthal flow. Karimov [11] 
examined the interaction of radial and azimuthal nonlinear waves in a twirling, cold plasma cylinder. It 
demonstrated that energy exchange between radial and azimuthal modes can occur, which leads to the 
acceleration of the rotation of the plasma cylinder. They examined the processes of energy exchange in 
twirling two-dimensional (2D) plasmas, which may lead to acceleration of rotation for the whole plasma 
medium. For a simple dynamic system, instead of manifesting the equipartition of energy on all degrees 
of freedom, showed an unbalanced distribution of energy. One can also expect similar behavior for a 2D, 
time-dependent system. Owing to different kinds of interactions in these systems due to a variety of initial 
states, different modes of collective motion are possible. Focusing only on energy transfer and avoiding 
self-compression processes, Karimov and Godin show that the strong nonlinear interaction between 
different kinds of plasma waves in cylindrical geometry can lead to energy accumulation in the rotary 
mode, which is brought about by the energy transfer into the radial degree of freedom. They propose a 
pattern for a strong nonlinear, twirling 2D plasma system of finite sizes that is originally far from 
equilibrium. Nevertheless, we can expect the transformation of energy in nonlinear cylindrical plasma 
waves to other directions can be realized in some real plasma systems that belong to the simplest kind of 
nonlinear, nonequilibrium system. 
10. The Curvature Tensor and a Gravitational Distortion 
 Of all of the components in the field equations, this tensor has the most ambiguity. Mathematicians 
have stepped forward to quickly define this term since the theory of relativity is a geometric theory. In 
differential geometry, the Ricci curvature tensor represents the amount by which the volume element of a 
geodesic ball in a curved Riemannian manifold deviates from that of the standard ball in Euclidean space. 
It provides a way of measuring the degree to which the geometry determined by a given Riemannian 
metric might differ from that of a metric in ordinary Euclidean n-space. Like the metric itself, the Ricci 
tensor is a symmetric bilinear form on the tangent space of the manifold. The Ricci curvature is 
applicable to modern Riemannian geometry and general relativity theory. In the latter, it is an overall 
trace term, the portion of the Einstein field equation representing the geometry of spacetime, the other 
significant portion of which comes from the presence of matter and energy. The  Ricci tensor of a 
Riemannian manifold is symmetric, in the sense that: .),(),( [KK[ RicRic  This is true of the Ricci 
tensor associated to any torsion-free affine connection for which there exists a parallel volume form. The 
Ricci tensor is completely determined by knowing the quantity ),(Ric K[ for all vectors ȟ of unit length 
and has a symmetric bilinear form. To that end for vector-fields X,Y:  
.),( , ji
ji RYXYXRic       (11) 
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 The question is what occurs if we are not dealing with Reimannian geometry? What if there is no 
symmetry and if the main diagonal elements define required conditions, you really need a Ricci vector 
and not a tensor.  However, what is the significance of off-diagonal elements? Lack of symmetry leads to 
the following equation where these terms can influence other terms in the Field Equations to include 
gravity. Formally, this means: 
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Where Tr is any covariant vector and: 
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 The RHS would feed directly into creating unexpected gravitational effects. Basically the Ricci 
curvature tensor represents the curvature in the space-time continuum. If curvature exists, then it implies 
the existence of a field, usually a gravitational field. Other fields could exist that can create curvature; 
however, the field strength would have to be considerable. If the mass-energy tensor identically vanishes 
but that both the gravitational and space curvature tensors remain, they can directly influence each other 
as a distortion within the space-time continuum:  
0
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 This is sometimes referred to as the vacuum field equations. For example, black holes in several 
galaxies must be spinning at or near their maximum rates. Per Rodrigo Nemmen, an author of a paper on 
these new results: 
“We think these monster black holes are spinning close to the limit set by Einstein's theory of 
relativity, which means that they can drag material around them at close to the speed of light.”  
 
 Such a possibility may yield a space-time continuum distortion that satisfies these conditions. An off-
diagonal element in the gravity tensor can induce unusual effects in the Ricci curvature tensor. This could 
be a gravitational vortex involved in inducing spin effects that may be created per Gertsenshtein’s ideas 
relating gravity to electric and magnetic fields. 
 If one examines elements of this Ricci tensor, it is easy to see that if the gravitational tensor were 
vectorized, the Ricci tensor would be as well. In other words, you only really need elements on the main 
diagonal to uniquely define curvature in your specific space-time continuum. However, if an off-diagonal 
element exists in the gravitational tensor, it is most likely that the same situation will exist here. Each 
matrix location may imply a different coordinate within a multi-dimensional space-time continuum. Does 
this imply the ability to travel in parallel universes by jumping from one matrix location to another? What 
is the significance of off-diagonal elements in this tensor? This matrix could represent a topological 
manifold that may lead toward different dimensions and universes or multi-verses. Could this also include 
coordinates where you live under the influence of exponential time? Can one live in such a continuum 
where both linear and exponential time can co-exist? If the significance of only diagonal elements imply 
the realm of a linear world with ‘real’ dimensions, then does the presence of off-diagonal elements 
represent a nonlinearity that allows going from one space-time to another? If we travel at light speed, the 
desire may be to transit from point A to point B.  However, if there is an off-diagonal element in this 
tensor, does it mean that we can travel to a parallel universe moving along a parallel coordinate axis, or 
even go back and forth within time? Clearly the need to understand the meaning of these off-diagonal 
elements within a physical context is required. If important, then it behooves our space drive propulsor to 
create and amplify these effects if we are to travel at light speed or go into a space-time continuum 
representing the past or the future. 
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11. Ricci Scalar Curvature 
 This is a very difficult term to define and yet it provides physical significance that can be clearly 
understood. Einstein [2] defines this term as: “the scalar curvature formed by repeated contraction”. 
Einstein goes on to state: “the condition R = 0, which would have to hold good everywhere for the gȝȞ, 
independently of the electric field.” This variable has a significant role to play; however, its value may be 
arbitrary. If it is zero, there is no correlation between the stress-energy tensor and the gravity tensor. For a 
zero value of the scalar curvature, any effect from the stress-energy tensor will influence the curvature 
tensor. If this changes, then the scalar curvature will change. Conditions creating curvature will influence 
the gravity tensor. 
 Ricci’s variable may be useful in describing spacetime singularities. Amongst singularities, there are 
two important types of spacetime singularities which are curvature singularities and conical singularities. 
Singularities such as a gravitational vortex can also be divided according to whether they are covered by 
an event horizon or not referred to as a naked singularity. According to general relativity, the initial state of 
the universe, at the beginning of the Big Bang, can be considered as a singularity. In these cases, a scalar 
curvature that is infinite in spacetime is used to describe a singularity in general relativity. We note that 
singularities are often associated with an incomplete description of geodesics; that is where geodesics 
cannot be smoothly extended due to unbounded curvature on their incomplete ends. 
12. Results 
 The major point is conditions exist where the field equations are not vectorized and need to be treated 
in the full context of being a tensor equation that results in complex wave partial differential equations. 
Off-diagonal elements can exist in either the gravitational or Ricci tensor and what would be the 
significance of these effects. This clearly has propulsion ramifications.  
13. Over-Unity Situations 
 There is an interesting possibility that should not be ignored where there are imbalances in 
equilibrium or you have situations where you can create more energy than what exists or goes into a 
control volume. A nuclear explosion is a typical example and subsequent EMP and other effects that 
occur on very small time scales would demonstrate this. However, nuclear explosions are usually not 
desired for a propulsion system because they create severe structural and thermal problems as well as 
influence the biological properties of any astronaut onboard the craft. 
 
Table 1. The Impact of more detail specification of Maxwell’s Equations and Boundary Conditions 
 U(1) Symmetry Form (Traditional Maxwell Equations) SU(2)/Z2 Symmetry Form 
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 The issue is to create an excess within the stress-energy tensor. One approach may involve looking at 
Barrett [12, 13]. This requires looking at Maxwell’s equations where there is a more detailed treatment of 
boundary conditions. This also assumes using a different gauge that suggests some of the mathematical 
operations may not commute or that there are problems with associativity. Barrett goes one step further 
by using these conditions to identify a new electromagnetic field or an ‘A’ field based upon some of the 
conditions shown in Table 1. This could be a torsion field as well. When included within the field 
equation, the stress-energy tensor will have additional terms that feed into both the Ricci tensor and 
Gravitational tensor. This will create space-time curvature. As previously mentioned, the same would 
hold for a propulsion system that could create off-diagonal elements in these tensors as well. Other 
conditions would increase the vector that contains currents for these equations. For example, the influence 
of a magnetic current could also be in the direction in our favor as well. This could also include creation 
of magnetic monopoles. 
14. CONCLUSIONS 
 In many situations, engineers and scientists tend to linearize complex systems in the hope of creating 
a solution to a particular problem. By walking away from the more difficult challenges posed by a 
nonlinear problem, they lose sight of potential solutions that may solve real problems of interest. 
Linearizing the field equations by vectorizing the gravitational tensor into a vector to satisfy Newtonian 
gravitational law, creates a vectorized Ricci tensor as well. Problems generally with the stress-energy 
tensor are straightforward but now we are solving a greatly simplified problem that provides no insight to 
the initial more fundamental issues. 
 Examining the field equations has provided an engineering framework to look at developing a far-
term space drive. It also reveals a situation that could lead to a gravitational distortion, which may also 
have propulsion implications especially in the realm of creating a wormhole mouth or a means of 
traversing across the cosmos. With this possibility as well as creating off-diagonal elements in these 
tensors, the challenge is now up to the engineering disciplines to develop the technology that creates these 
anomalous conditions within a propulsor and uses them to explore both the near and far abroad. 
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